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(57) Abstract 

Optica! pressure sensing apparatus comprises an optica! fibre interferometer (4) arranged to <we the movement of 
pressure responsive element (3) and produce an interference signal at its output (20) which can be monitored and pro- 
lyl t t0 „ me25ure chaii p ,n lhe Pressure applied ;c the pressure. responsive eiement. The interferometer comprise^ a .i<>- 
arm ( 9) coupled to the pressure responsive element (3) and a fixed reference arm (10). A lieht source (16) supplies lf-ht 
ed.n,!. npUt (i9!o! ' mIerferome,er via an optica! fibre (17) and moniiorins and processinaelectronic^ (--^) connta- 
(9 , n e ° u, P u: C0) oclern,,n « ,he op-ica! phase shift between the lietu beams" propagated in the sia nal P nd reference -rrrr- 
"J> and produce a pressure reading. ~ . " " ' " 
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OPTICAL PRESSURE SENSING APPARATUS 



The present invention relates to optical^ -7 
pressure 'sensing apparatus and, more particularity 
to such apparatus utilising the principles of ah 
optical fibre interferometer for sensing small .pres- 
sure induced displacements of a pressure ■ responsive 
'element.-;.' •; • - . - -/ r \ \ : - { y \;\y^ y ' •/. \ 

The principles of interferometery are Well 
known and their application to the sensitive measure- 
ment of displacements is also established. However, 
the necessity of having to use large and heavy opti- 
cal components and light sources in precise align- ,. 
ment has limited their . practical application . 

An object of the present invention is to 
provide a pressure sensing apparatus which employs 
the high sensitivity : of an optical f ibre interf ero- , 
meter to achieve both improved sensitivity to small 
pressure changes and measurement over a large dynamic 



ran^e 



< To this end, the invention consists in an 

optical pressure sensing apparatus characterised 
by an optical fibre interferometer 'device arranged 
to sense the movement of a resilient pressure res- 
ponsive element, whereby an interference signal 
produced at an output of the interferometer device 
is responsive to change in the pressure applied 
to the* pressure responsive element. The latter 
may be any type of resilient element employed for 
pressure^ sensing purposes, for example, a diaphragm, 
capsule or one of a selection of tubes of different 
geometries, and an element of appropriate mechanical 
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1 properties is selected depending upon the particular; 
•application. . ... " - 

Preferably, the interferometer device -compri- " . 
ses individual optical fibre signal and reference 
5 arms, the signal arm being mechanically, or optically . ; : 

coupled to the pressure responsive element so that:^ . ; > 
the length of the optical path defined by -the signal 
arm changes relatively, to that of the , reference ' • ^/:' : :':' '-V 
: arm in response to movement of the pressure responsive : 

10 element.' The signal and reference arms have equal 

"-responses to physical pertubations , such as ; temper- 
ature changes, other than the desired pressure measu- 
rand and these cancel one another by the process \ 
of commori mode rejection. : Such apparatus therefore \ 

15 shows negligible cross sensitivity. Moreover, once 
calibrated, such apparatus may be used to measure 
gauge pressure regardless of other environmental: 
changes* In a preferred embodiment, the signal 
optical fibre is secured at or adjacent one end 

20 to a fixed location on the apparatus and has its 

opposite end, o,r a portion of its length, fastened 
to the pressure responsive element so that it is 
under tension, whilst the reference . optical fibre 
is secured at or adjacent both its opposite ends 

25 - to fixed locations on the apparatus. In order to 
compensate more fully for physical pertubations 
other than the measurand, the reference arm is dis- - 
posed, relatively to the signal arm ; in- the optimum 
position for this purpose and to this end. may . 

30 for example, also have its distal end, or apart of 
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1 the reference fibre, attached to a non-movable loca- 
tion of the pressure responsive element, ~"~ 
The interferometer may be of the Michelson 
or Mach Zehnder type and have an input and output 
5 coupled by coupling means to signal and reference > 
arms which are conveniently constructed from single 
mode optical fibre. • With the Michelson configuration; 
the distal ends of the signal and reference fibres 
are reflective. so as to reflect light beams prop- 
yl 0 agating In the fibres, and the distal end of the V 

signal fibre is mechanically attached to the pressure 
responsive element. The coupling means is adapted 
\-. to jnix the :v 

produce an interference signal at the output of 
15 the interferometer. With the Mach Zehnder configu- 

ration, the input and output are disposed at opposite 
ends of the signal and reference fibres and a portion 
of the length of the signal fibre is fastened" to 
the pressure responsive element. The output coupling 
20 means mixes the beams independently propagated in 

the signal and reference fibres to produce the inter- 
ference signal at the output. 

In other embodiments of the invention, the 
interferometer device may comprise a Fabry Perot 
*25 or Polarimetric configuration, in which event the 

signal and reference arms, in effect, each comprise 
an individual interferometer of one of these types. 
The proximal end of each arm is coupled -co an input 
and output via suitable coupling means, for example, 
30 a beam splitting device, which is adapted to launch 



light: into the arm and recover an interference signal 
therefrom. The distal end of the signal; arml may ' 
be mechanically attached to the pressure respoffsive 
element. . '-. ^ ' :■;"'*■* -V >: • - 

The apparatus may include a light source ; 
for illuminating the interferometer device, for 
example , a laser light sou'rce 3 and means for detecting 
and processing the output signal ( s ) to determine 
the optical phase difference or /shifts between light 
beams propagated in the signal and reference arms, 
which phase shift is related to a change in the 
pressures applied to the pressure responsive element * 
Preferably 3 the laser light source _ is .coupled to 
the input of the interferometer device by a single 
mode optical fibre and the (detecting and processing 
means may also be coupled to the output (s) by optical 
fibre, so that the pressure sensing head;, itself, 
has a remote installation capability , 

The arrangement of the light source and 
signal detection/processing: means me ; y be similar 
to that described in our International Specification 
No. WO84/04385 in conjunction with a temperature 
sensor- Hence, means may be provided for modulating 
the laser injection current of a laser light source 
so as to produce a moving interference pattern which 
is detected at the or each output of the interfero- 
meter device by a photodetector and processed to 
determine the optical phase shift ( s ) between the 
light beams propagated in the signal and . reference 
arms. The processing means ma v be arranged to 



WO 85/04473 V v - • . : ' V ; f; v, 

: ■ . ; : .;, PCT/GB85/00136 



a • , output of the photodetector to derive 

a .x«n.l co rre sp onding to the opt±cal phase sh± ^; 

5 be r ^ d r^ ha V he P ™ invention ma y — 

., ^ lly Understoo d, reference will now be 

-de to the acco mpanying , r , wingSj ia , wh£ ^- ^ 

■ FlgUrC 1 ±S a schematic and block circuit 
diagram of one embodiment of W • circuit 
. "J-ment of the invention, and 

■0 ; ■ oc CU , rin ;r:: r L:r;:;::r:.;:: <! sie "". , * <, - , •-- : 

V 1 . ; Points ln the circuit of Figures 

s 3, in the f s „L :; r;::v pressure ' *^ 

- » MC nd'of tl ,° I '^^ ^P iec^d across 

■ 4 nged to sense movements of the diaphragm 3 

The .nt« rftrMeter is nous.d in a tube 5 whi ^ ^ : 

, r°" ed ^ *•»••*•«*-• ?- a ■ support P1 iL : 

> -cured, to the walls of . the housing As - r ° 

the latter „av b* ^ . *s illustrated, 

may be formed m three parts 2o , 2b 2c 

° r ^ — »ly of the housing ^h^! 

^P--«- «* — rf erometer withtn t J 

• " r P :;:;y::r 8 ~« — -° - 

and ar „ • °PPOsite ends of the housing 

d 8 I' ° Pe " lng 9 " ^e support plate 6. For exam Y 
J ° f — ~* •»* connected to a source ' 

Of pressure to be monitored w MlWt the other port 
connected .to atmosphere. 

The interferometer a - ^ 

ometer 4 comprises optical fibre 
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:1 / signal and reference arms 9 3 10 disposed juxtaposed 

-one another, and formed from single mode optical .fibVe,, > 
Light is launched into the respective optical fibres, 
and reflected light is recovered therefrom, by ^ar^ 
S single mode; fibre optic directional coupler 11 connected 
to. the proximal ends of the fibres, and the distal 
ends of the latter may be coated to. improve reflectance ♦ 
Adjacent its proximal end, the signal fibre 9 is 
rigidly secured to a fixed location 1 2 on the support 

10 tube 5 Whilst its distal end is attached to the centre 
of the pressure sensitive diaiphragm 3 at 13 so that 
the signal fibre is maintained under tension The 
reference fibre 10 is rigidly secured at or adjacent, 
both its proximal and distal ends to fixed locations 

15 14 ,1 5 on the support tube*: ' " * 

Light from a single frequency semi-conductor 
diode laser 1 6 is launched into a single mode optical • 
fibre 17, via an isolator l8 and is supplied to the 
input 19 of the interferometer at the directional 

20 coupler 11 which amplitude divides the light into 

the signal and reference fibres 9>10* The resulting 
optical beams propagated in. the signal and reference 
fibres are reflected from the distal ends of the 
fibres back to the coupler 1 1 which coherently recom- 

25 bines the light to produce an interference signal 

at the output 20 of the interferometer, which signal 
is monitored to recover the optical phase difference 
between the signals in the two fibres- from the intensity 
of the recombined light, signals. In the present . 

30 embodiment, this is achieved by using a signal processing 
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similar "to "that described in our af ore- 
International specification. The light 
is I conveniently monitored by guiding ;the 
interference signal through an optical fibre 21 to 
5 a photodetector 22. The light source 16, detector 
, 2 2 and signal processing electronics may therefore 
be situated remotely from the pressure sensing head 1 . 

The signal fibre 9 is maintained under tension 
such that a change in differential pressure across 
1 0 the pressure responsive, diaphragm 3 results in a 
change in the length of the signal "optical fibre/ 
Hence, by detecting and processing the interference 
signal produced at the output 20 the pressure change 
may be determined. In one typical example Having ^ . 
15 an Incoh^l x circular diaphragm 3 of thickness 0 . 102 
mm (0.004") and diameter 71.1 mm (2.800 " ) different- 
ial pressure measurements in the range 0 - 100 mbar 
with a resolution of 10" 4 mbar have been achieved. 
As the signal and -reference fibres 9,10 are housed 
20 in a similar environment, their equal responses to 
physical perturbations,, for example, temperature, 
other than the pressure measurand, cancel one another 
out by the process of common mode rejection. The 
device therefore shows negligible cross sensitivity 
25 and, once calibrated, does not normally require recali- 
bration for different applications ; or changes in 
the environment in which it is used. 

The^ signal processing system comprises an 
oscillator or ramp generator 22 for modulating the 
^0 laser injection current which is supplied by a DC 
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cell 24 (e.g. a Ni-Cad cell)/ with a high frequency • 
ramp current. This ramping signal may have a frequency 
in the range from 100; Hz -10 kHz, e.g. 5 kHz.v^A 
high frequency reference . square wave derived from 
the oscillator 23 via a JK flip-flop 2£, which also 
divides the signal by "two , is supplied to one 7 input ' \' : 
of the phase comparator 2 6 . • V - ^ 

The output from the photodiode detector 
22 is connected to one input of a high gain comparatpr 

27 having its other input 2 7a connected to a reference 
Voltage . . ; ; The output of the comparator 27 is a square 
wave and this is fed to one input of a logic AND 

gate 28 having its output connected, via a JK flip- 
flop 29; which divides^iHe, signal^ -from the AND gate 

28 by two, to the second input of the phase comparator 
26. The output of the latter is connected to the 
second input of the AND gate 28 and also to one input 
of a second logic\AND gate 30 having its other input 
30a^ connected to receive pulses from a clock pulse 
generator, for example, a 1 MHz generator. The signals 
from the output of the gate 30 are fed, via a timer 

31, to. a microprocessor 32 for processing and storing. 

In Figure 2, r(t) and p(t) show the time 
variation of the optical intensity at the interfero- 
meter output when the laser injection current is 
ramp-modulated. This output is fed to the high-gain 
comparator 27 and 'hard-limited 1 to form a series 
of pulses c(t). The remaining electronics measure 
the time t, - (X - TT D ) where t is the time, between 
the start of the ramp r(t) and the first negative 
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1 edge encountered in the photodiode output signal 
. pit) , andf is the time delay. This time, t- is 
•directly related to the optical phase shift between 
the arms 9,10 of the interferometer; is measured 
5 by performing a phase comparison between the square 
wave, derived from the first negative edge in the 
photodiode output in each ramp period, and the reference 
square wave obtained directly from the ramp generator 
23 • The ramp generator frequency is chosen to be 

10 two orders of magnitude higher than the pressure 

induced fringe drift rate so that relatively simple 
decision making electronics are used to determine 
when the fringe pattern corresponds to a new fringe 
number V ;By; using thefl^ MHz clock an accurate determi- 

1-5 nation of the pulse width t r is obtained, from which 
the direction and magnitude" of the pressure change 
is determined. The lower two traces c(t) and d{t) 
in Figure 2 show the -output of the comparator 27 
in the upper trace and the input of the microcomputer 

i0 32 in the lower trace. 

Whilst a particular embodiment has been 
described, it will be understood that modifications 
f can be made without departing from the scope of the 
invention as defined by the appended claims. For 
> example,, the interferometer 4 may be constructed 

in a Mach Zehnder configuration instead of the Michel- 
son arrangement illustrated. In this event, the 
optical fibre .signal arm 9 has a portion of its length 
fastened along -the surface of the diaphragm 3 and 
the input and outputs are at opposite ends of the 



1 signal and reference arms. ; In other embodiments , 

the signal and reference arms 9, 10 may each be formed 
as a Fabry Perot or.Polarimetric interferometer with : 
thelight being launched into and recovered from : . V 
5 the proximal ends of the interferometers, via associated 
beam splitting devices. With the Fabry Perot configura- 
tion, the light may ; be supplied to the signal and 
reference arms via fibre optic leads which are connected 
to. the fibre optic arms by reflective splices. With 
, XG the Polar imetric configuration, the signal and reference 
^ arms are made from biref ringent fibre . In either : 
; of the 1 latter two, embodiments', signal processing 

systems similar to that illustrated in Figure 1 may y 
^connected, to each ; arm and the : p u t p ut s s f r on* the. - 
15 two systems may be compared to produce a pressure 

measurement signal which is substantially independent 
of changes in other environmental conditions in 
which the pressure sensing head 1 is used. 



CLAIMS 



1. Optical pressure sensing apparatus characterised 
by an optical fibre interferometer device (4) arranged 
to sense the movement of a resilient pressure responsive 
element (3) , whereby an interference signal produced : 

at an output (20) of the interferometer device is : ;> x ; 

responsive to changes in the ■ pressure; applied to 

the pressure responsive element . - ; . ^ - 

2, Apparatus according to claim 1 , characterised 
in thatr-the interferometer; .device C4) comprises an 
optical fibre signal arm (9 ) and an optical fibre 
reference- arm ( 1 0 ) ? the ^ arm being mechanically 
or b p t i cally coupled to the pressure responsive element 
(3) so that the length of the optical path defined 

by the signal arm changes relatively to that of the 
reference arm. in response to movement of the pressure 
responsive element, 

3- Apparatus according to claim 2 3 characterised 
in that the interferometer device is of the Michelson 
or Mach Zehnder type and comprises an input (19) 
and output (20) coupled by coupling means (ll) to ' 
the signal and reference arms (9,10)., which are pre- 
ferably constructed from single mode optical fibre, 
4. Apparatus according to claim 1 or 2, characterised 
in that the interferometer device (4) comprises a 
Fabry Perot or Polarimetric configuration in which 
the signal and reference arms (9,10) each comprise 
an optical fibre interferometer of one of these con- 
figurations, each arm (9,10) being coupled to an 
input and an output via coupling means which is adapted 
to launch light into the arm and recover reflected 
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< 1 ; light therefrom to produce an interference Signal v : 
at the associated output. 

5- Apparatus according to claim 3 ; or. 4, characterised 
in that the signal arm ( 9 ) has its proximal ^end ad ja^ 
5 cent the coupling means ( 1 1 ) secured to a fixed lo- 
cation (j 2} and its distal end (13) attached to the 
•pressure responsive element ( 3 ) , and in that the 
reference arm ( 1 0 ) is secured at or ad j acerit both 
its proximal and distal ends to fixed locations ( 14, i $) 
the distal ends of the signal and reference arms 
^ being reflective. .'' '.-v..'" ' > : .. 

6. Apparatus according to any preceding claim, charac- 
terised by a light source ( 1 6 ) coupled to the input 

^ .f*f 19 ) bf the interferometer; device via a single mode 
15 optical fibre (17). ; ■ > 

7. Apparatus according to any preceding claim, charac- 
terised by means (22-32) for detecting and processing 

; the output (s) (20) of the interferometer device to 

determine the optical phase shift, between light beams 
propagated in the signal and reference arms (9,10), 
which phase shift is responsive to change in the 
pressure applied to the pressure responsive element 
(3), said detecting and processing means being coupled 
to the output (s) (20) by optical fibre (21). 
25 8. Apparatus according to claim 7, characterised 
by a laser light source ( 1 6 ) for illuminating the 
interferometer device (4) and means (23) for modulating 
"the laser injection current to produce an interference 
signal at the or each output (20) in the form of 
30 a moving interference pattern. 
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1 9* • Apparatus according to claim 8, characterised 

in .that the modulating means (23) modulates the bias 
injection current of the laser with a ramp signal 
to produce a linearly moving interference pattern 
.5 at the or each output ( 20 ) of the interferometer 

device , '■ ' _ •• ■ -\ ■■ ;"• ' • • * ./ 

' 10-. Apparatus according to claim 8 or 9, characterised 
in that the processing means compares, the laser current 
modulating signal with the signal at the output (20 ) 
10 of the interferometer device to derive* a signal corres- 
ponding to the optical phase shift . ; 
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